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© Process*, preparing cuinacriooneouinone. ^.nacridonecuinone when prepared by such process and pi gm e„t 
containing it. 

(57) A process is disclosed for preparing quinacridone- 

quinone (QAQ) by oxidation of the corresponding dihydro- 

quinacride (DQA) with vanadium pentoxide in the presence of 

an alkali metal chlorate at elevated temperature, wherein an 

aqueous solution of alkali metal chlorate, and an acidic solu- 
tion of DQA are added separately to an acidic solution of 

vanadium pentoxide. water being added in a controlled man- 
ner to generate QAQ nuclei in an amount of from 9.4 to 30.4 
parts by weight per part of DQA, exclusive of the water already 
present in the vanadium pentoxide solution or added via the 

DQA solution. The invention includes high purity QAQ when ^ 
prepared by the process and a pigment which is a solid solu- ^ 
r- tion of such QAQ with quinacridone. ^ 
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PROCESS FOR PREPARING QUINACRIDONEQUINO NE, 
OUT NACRIDONEQUI NONE WHEN PREPARED BY SUCH 
PROCESS AND PIGMENT CONTAINING IT 
The present invention relates to an improved 
process for the preparation of quinacridonequinone and 
its substituted derivatives. More specifically, the 
present invention relates to an improved process for 
the preparation of quinacridonequinone and its substituted 
derivatives by the nucleation of particles in the 
presence of vanadium pentoxide and an alkali metal 
chlorate as an oxidizing agent. 

U.S Patent 4,025,518 discloses a process 
lor oxidizing a dihydroquinacridone to a quinacridone- 
quinone by contacting the dihydroquinacridone with an 
15 alkali metal chlorate oxidizing agent in the presence 
of vanadium pentoxide and an aqueous acidic medium. 
The quinacridonequinone produced, however, varies some- 
what in purity and purities of greater than 95% are not 
achievable by the process described in the above patent. 

It has now been discovered that, if the oxi- 
dation of a dihydroquinacridone (DQA) to a quinacrid- 
donequinone (QAQ) is accompanied by the nucleation of 
particles of quinacridonequinone, the purity of the 
quinacridonequinone is dramatically increased. This 
25 nucleation can be achieved by the addition into the 

reaction mixture of water. The purity of the oxidation 
product quinacridonequinone produced by the process of 
this invention is generally 96-99.9%, preferably 98- 
99.9% and most preferably 99-99.9%. 
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The process of the present invention produces, 
without purification, a QAQ that is of a higher, purity 
than that achieved when the prescribed amount of water 

is not added, ' .- , . 

- mce5 e tne invention is 
accordingly/ uh= t .roces~ u_ 

an improvement in the process for oxidising a aihydro- 
quinacridone of the formula 



30 



35 




where R is selected from the group consisting of hydro- 
gen, halogen and alkyl of 1-2 carbon atoms and m is an 
integer of 1-2 inclusive, to the corresponding qum- 
acridonequinone by contacting, said dihydroguinacridone 
with an alkali metal chlorate in the presence of vana- 
dium pentoxide and an aqueous acidic medium at an ele- 
vated temperature, the improvement comprising adding 
an aqueous acidic solution of DQA, an aqueous solu- 
tion of alkali metal chlorate and optionally water, 
separately but simultaneously to a solution of vana- 
dium pentoxide in an aqueous acidic medium at a temper- 
ature of 75-100°C at a rate of addition such that the 
DQA solution, the chlorate solution and the water are 
completed in at least 2 hours , with the amount of 
water added to generate QAQ nuclei being 9,4-30.4 parts 
by weight per part of DQA exclusive of the. water m 
the DQA solution, and the vanadium pentoxide. solution. 
By water added is meant only water added directly as 
water and/or water added via the chlorate solution 

The process of the invention requires that 
the water, DQA, acid, vanadium pentoxide a*d alkali 
me tal chlorate be mixed under controlled .conditions . 
The mere sudden mixing of. the reaetants would be un- 
desirable because of the exothermic reaction of the 
acid and the alkali metal chlorate and the great 
amount of heat that would, be given off. Sudden mixing 
would result in the. dissipation of. the chlorate before 
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the conversion of all the DQA to QAQ. Chlorate, is 

required to regenerate the active V(+5) from the re- 
duced V(+4) state. Therefore, in such a case, there 
would have to be a continuous or stepwise addition of 
5 chlorate during the reaction. 

The process of the invention is conveniently 
carried out under controlled conditions involving the 
separate addition of reactants. This is achieved by 
adding a Solution A simultaneously but separately with 
10 a Solution B to a Solution C. 

Solution A is a solution of the dihydroquin- 
acridone in an aqueous acid medium. The concentration 
of acid must be such that (1) the DQA is dissolved in 
the aqueous acidic medium, (2) the acid does not inter- 
15 fere with the reaction and (3) the acidic condition of 
Solution C below is maintained as Solution B is added. 
In the case of sulfuric acid, a concentration above 
98% sulfuric will result in sulfonaticn of the DQA 
which will reduce the yield of QAQ. At about 95-98% 
20 sulfuric, sulfonation can occur, but only if the 

temperature is above room temperature. At about 92- 
94% sulfuric, the preferred concentration of sulfuric 
acid, sulfonation is avoided while providing an acidic 
medium in which the DQA is very soluble. Although at 
25 below 92% sulfuric acid, the DQA solubility begins to 
drop, the process is operable. Generally, the pro- 
cess of the invention is conducted at sulfuric acid 
concentrations of 90-95% by weight. 

Solution B is a solution of alkali metal 
30 chlorate and water. The concentration of alkali metal 
chlorate in water must be no greater than the solubil- 
ity of acid chlorate in water. The amount of chlorate 
based on DQA is an amount in excess of the stoichio- 
metric amount required to react with DQA. Generally 
35 any amount in excess of the stoichiometric amount is 
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operable. Amounts greater than a 100% excess give no 

significant improvement in yield. Preferably, the 
weight ratio of said chlorate to DQA is 0.57-1.0, more 
preferably 0.8-1,0 and most preferably 0.9-1.0, where 
5 ~\ 08 is an excess of 100% of alkali metal chlorate. 

Solution . C is a solution of vanadium pentoxide 
in an aqueous acidic medium. The concentration of van- 
adium pentoxide is such that the weight ratio of 
V 2 0 5 :DQA is 0.015 or greater. Generally, this ratio 
10 is 0.015-2.30. The preferred ratio is 0.015-0.05. 

Ratios greater than 0.05 do not give. higher DQA puri- 
ties. The increased levels of V 2 0 5 result in the need 
for less of the chlorate until, if sufficient V 2 0 5 is 
present, no chlorate need be added. However, in view 
15 of the relative high cost of V^0 5 compared to the 

chlorate, operating with V^DQA ratios greater than 
0.05 is not economical. Generally, when said ratio is 
0.015 or greater, the QAQ assay is 9.5% or more. When 
said ratio is 0.025 or greater, the assay is 97% QAQ 
20 or more. When said ratio is 0.05 or greater, the assay 
is 99% QAQ or more. Thus, a preferred ratio is 0.015- 
0.05 and a more preferred ratio is 0.025-0.05. 

Solution C is prepared from vanadium pen- 
toxide, water and acid. The acid can be any inorganic 
25 acid that does not interfere with the oxidation re- 
action and does not sulfonate the DQA. Sulfuric acid 
is preferred." Generally, the. acid concentration of 
Solution C is 50-70% by weight. At greater than 70% 
the chlorate ion's availability to react with the vana- 
30 diom ion is reduced due to the decomposition of the 

chlorate ion. Also at more than 7 0% acid concentration, 
the formation of explosive chlorine/oxygen compounds 
could occur. At concentrations less than 50% acid, a 
stable foam tends to form that makes the removal of 
35 chlorine gas, that is given off, more difficult. 
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. Solutions A and B are added separately but 
simultaneously to Solution C at rates such that the 
addition of both will be completed in at least 2 hours. 
Addition of Solutions A and B in less than 2 hours re- 
5 suits in incomplete oxidation. Addition of Solutions 
A and B is generally accomplished in 2-200 hours, 
preferably 2-1/2 to 25 hours, most preferably 3-5 hours. 
Addition of Solutions A and B in more than 5 hours 
does not yield any advantage. 
10 Water required to generate QAQ nuclei may 

be added as a separate solution to Solution C as 
water or via steam sparging or the water may be added 
with the aqueous chlorate solution described above as 
Solution B. Thus, the water may be optionally added 
15 directly or it may be included with the chlorate solu- 
tion. When water is added separately, its addition 
rate should be such that it is completely added at the 
same time as Solutions A and B. 

The continuous presence of QAQ nuclei during 
20 the oxidation of DQA is required to achieve the im- 
proved results described herein. Nuclei forming com- 
pounds are continuously added directly to the reaction 
mixture or formed in situ as, e.g., by the addition of 
water with the chlorate and/or direct addition. 
25 It is critical that the amount of water added 

for generating QAQ nuclei be from 9.4-3 0.4 parts by 
weight per part of DQA exclusive of the water in the 
DQA and vanadium pentoxide solutions. Thus, the afore- 
said amount of water added is the total of the water 
30 added directly as water or steam and/or the water added 
with the chlorate solution. Generally the use of 9.4- 
30.4 parts by weight of water per part of DQA will yield 
assays of QAQ of 96% or more. The use of 10.5-24.4 
parts by weight of water per part of DQA will yield 
35 assays of QAQ of 98% more and 14.4-20.4 parts by weight 
of water per part of DQA will yield assays of QAQ of 
99% or more. 
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■ ■ - " The dihydroquinacridories utilized "in the 

process of the invention are well known compounds and 
can be prepared, by any of a variety of methods known 
in the art. For example, dihydroguinacridones can be 
5 prepared according to U . S Patent \2 , 321 ,529 by heating 
dialkyl ester of a dianilinodihydroterephthalic acid 
in an inert high-boiling liguid to form the corres- 
ponding dihydroquinacridone upon cyclization. 

The temperature at which the oxidation is 
10 conducted should be from 75-100°C. Below 75 °C the 

oxidation reaction proceeds less favorably resulting in 
poor quality quinacridonequinone and incomplete oxi- 
dation. Above about 100°C, the alkali metal chlorate 
can decompose and incomplete oxidation results. The 
15 best quality quinacridonequinone is produced at a 
temperature from 80-90°C. 

The alkali metal chlorate preferred from the 
standpoint of economy and availability is sodium 
chlorate. 

20 The vanadium pentoxide utilized in the oxi- 

dizing agent according to the practice of the invention 
can be used as the sole oxidizing agent but the high 
. cost of vanadium pentoxide and the associated pollu- 
tion problem precludes its uise in stoichiometric 

25 amount. Therefore, the vanadium pentoxide is prefer- 
ably utilized in catalytic amounts and alkali metal 
chlorate is used to regenerate the active V(+5) from 
the reduced V(+4) state.- Alkali metal chlorate may 
oxidize dihydroquinacridone to form a poor quality 

30 brownish quinacridonequinone.. 

The total amount of alkali metal chlorate 
and vanadium pentoxide as stated above must be at least 
stoichiometric with respect to the dihydroquinacridone 
in order to produce the corresponding quinacridone- 

35 quinone. When catalytic amounts of vanadium pentoxide 
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'" are "utilized, it is preferred that the amount of 
alkali metal chlorate utilized be at least 100% in 
excess of the stoichiometric amount required to insure 
complete oxidation. More than 100% in excess of 
5 stoichiometric is operable but not economical. 

Since chlorine gas may be generated in the 
reduction of sodium chlorate to regenerate the active 
V(+5) and this chlorine gas may react with the dihydro- 
quinacridone to form quinacridonequinone and chlorin- 
10 ated byproducts, it is preferred that air, or other 
suitable carrier gas be passed through the aqueous 
acidic medium during the oxidation reaction to remove 
the chlorine gas. This practice is referred to as air 
sparging in the art. Air is the gas preferred for 
15 economy and efficiency, but any gas, e.g., nitrogen, 
capable of sparging the chlorine gas from the aqueous 
acidic medium without interfering with the oxidation 
reaction is suitable. To further insure that possible 
side reactions with chlorine are minimized, the di- 
20 hydroquinacridone is first dissolved in acid then 
slowly added to an acidic solution of vanadium pen- 
toxide simultaneously with the addition of a separate 
aqueous chlorate solution and optionally a separate 

water addition. 
. 25 The quinacridonequinone so produced can be 

isolated in the conventional manner, e.g., filtration, 
washing and drying and directly incorporated into a 
coating composition or further treated by such conven- 
tional procedures as ball milling, salt milling, etc. 
3 0 For example, quinacridonequinone can be incorporated 
into a solid solution with quinacridone as taught in 
U.S. Patent 3,607,336 to form an attractive gold 
pigment, especially useful in metallic finishes with 
aluminum. 
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EXAMPLES _ ----- - -.- --- 

In the following examples that, further illus- 
trate the invention, all parts are by weight unless 
otherwise indicated. 
5 Example 1 
Solution C 

Five hundred ml of 96% by weight ■ H' 2 50 4 and 
5 g of V 2 O s were dissolved in 54 0 ml of water and the 
temperature maintained at 85°C with electric heat. 
10 Solution B 

One hundred grams of NaC10 3 . were dissolved 
in 530 ml of water. - 
Solution A 

Five hundred ml of 96% by weight H 2 S0 4 were 
15 added to 20 ml of water which was then copied to 25° C 
and 100 g of 6 , 13-dihydroquinacridone stirred into the 

solution at 25°C. 

Solution C was maintained at 85°C with 
electric heat while simultaneously but separately 
20 adding 680 ml of water. and Solutions A and B to the 
Solution C at rates such that the addition time was 
4 hours and 30 minutes with air sparging at 10 SCFH 
(283 litres per hour) and stirriDg. The resulting 
slurry was maintained at 85°C for an additional 
30 minutes. Sufficient water was added to reduce 
the acid concentration of the slurry to 30-40% by 
weight and the slurry separated. by filtration. The 
filtered solids were washed free of acid with water 
and dried. The product was 103.4 g of a bright 
yellow pigment analyzed as 99.2% quinacridonequinone , 
< 0 . 5% 6 , 13-dihydroquinacridone and < 0 . 1% quinacr idone . 
The water/DQA weight ratio was 10.6. 
Example 2 

The procedure and amounts indicated- in 
35 Example 1 were followed except that Solution B was 
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100 g of_.NaCl0 3 _in 150.0 ml ..of .water, and .no water^was.- ..... 
separately added in addition to Solutions B and C to 
the initial solution. 

Solutions A and E were added to Solution C 
5 at 7.5 ni/nvin and 3 ml/rain respectively. The product 
was 108.1 g which analyzed 99.5% quinacridonequinone , 
<0.5% 6,13-dihydroquinacrodine and <0-l% quinacridone. 
The water/DQA weight ratio was 20.3. 
Examples 3-11 

10 The procedure and amounts indicated in 

Example 1 were followed except that the below indicated 
amounts of water were added as water separately to give 





the product 


analysis 


shown : 
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Example 


Separate 

Water 
Addition 
(ml) 


% 


QA 


DOA 
% 


Warer/DQA 
Weight Ratio 
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1030 


97.3 


<0.1 


<0.5 


10.3 




4 


1030 


97.4 


<0.1 


<0.5 


10.3 


15 


5 


1130 


98.1 


<0.1 


<0.5 


11.3 




6 


1230 


98.6 


<0.1 


<0.5 


12.3 
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1380 


98.3 


<0.1 


<0.5 


13.8 
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1530 


99.2 


<0.1 


<0.5 


15.3 
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1530 


100.0 


<0.1 


<0.5 


15.3 


20 


Best Mode 












10 


1930 


98.1 


<0.1 


<0.5 


19.3 




11 


2930 


96.1 


0.3 


<0.5 


29.3 



QAQ = quinacridonequinone 
QA = quinacridone 

25 DQA = 6,13-dihydroquinacridone 

The above product analyses were obtained by 
a spectrophotometry method using purified materials 
as standards. QAQ was compared at 427 millimicrons, 
QA at 238 millimicrons and DQA at 600 millimicrons. 

30 The product analyses, except for Example 11, showed QA 
and DQA amounts below the limits of detectability of 
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the test. " These limits were less than 0.1% f or QA and 
less than 0.5% for DQA. The remainder in each case 
included impurities present in the reaction mixtures 
such as chlorinated. products relative tc impurities 
present in the purified standard. 
INDUSTRIAL APPLICABILITY 

As a result of this process, QAQ of higher 
purity than heretofore possible can be prepared thereby 
providing a higher quality QAQ . The process- of the 
present invention . results in an improved purity of 
96% or more and even 99% or more of QAQ. 



5 CLAIMS 



1 A process for preparing a quinacridonequinone 

(QAQ) by oxidation of the corresponding dihydroquinacride 
done (DQA) having the general formula set out below 
10 in an aqueous acidic reaction medium with pentavalent 
vanadium in the presence of an alkali metal chlorate; 



15 




20 



25 



30 



35 



in which R is hydrogen, halogen or an alkyl group 
having 1 or 2 carbon atoms and m is 1 or 2, 
wherein the DQA is added as a solution (A) in an 
aqueous acid medium to a solution (C) of vanadium 
pentoxide in an aqueous acid medium at a temperature 
of from 75°C to 100°C and an aqueous solution (B) 
of an alkali metal chlorate is added separately 
to solution (C) so as to regenerate pentavalent 
vanadium and generating QAQ nuclei in the reaction 
medium by controlled addition of water, solutions 
A and B being added to solution C over a period of 
at least 2 hours,, and the total amount of water 
added to solution C, exclusive of water present in 
solutions A and C, being from 9.4 to 30.4 parts by 
weight of water per part of DQA. 

2 . A process according to Claim 1 wherein 
water to generate quinacridonequinone nuclei is 

added separately to the reaction medium. 

3. A process according to Claim 2 wherein 

water is added as steam. 
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4. A process according to any one of the 

preceding claims wherein the temperature is 



80-90°C. 



5> a process, according to any one of the 

preceding claims wherein the water added is 
10.5 to 24.4 parts by weight per part of DQA. 

6> a process according to Claim 5 wherein 

the water added is 14.4 to 20.4 parts by weight 

per part of DQA. 
7> A process according to any one of the 

preceding claims wherein the alkali metal chlorate 
is sodium chlorate. 
8> a process according to Claim 7 wherein 

the sodium chlorate and DQA added are in a weight 
ratio of 0.57:1-1:1 of said chlorate: DQA. 
9> a process according to Claim 7 wherein the 

sodium chlorate and DQA added are in a weight ratio 
of 0.81:1-1:1 of said chlorate :DQA. 
10# A process according to Claim 7 wherein 

the sodium chlorate and DQA added are in a weight 
ratio of 0.9:1-1:1 of said chlorate :DQA.. 
1]L> ^ process according to any one of the 

preceding. claims wherein the vanadium pentoxide 
and DQA added are in a weight ratio of at least 
0.015:1. 

12 . A process for preparing a quinacridonequinone 
substantially as described with reference to the Examples 

13 . ■ Quinacridonequinone having a purity of at 
least 96% when prepared by the process claimed in 
an}- one of the preceding claims. 

14> a gold pigment comprising a solid solution 

of the quinacridonequinone claimed in Claim 13 with 
quinacridone. 
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Tm "mil noil D019 D021 D022 D023 D029 E350 H541 H542 H543 H601 H602 H603 
H604 H608 H609H641 H642 H643 J5 J522 M210 M211 M212 M213 M214 M215 
M91R M231 M232 M233 M240 M272 M280 M281 M282 M283 M320 M412 M511 M520 
M530 M540 M720 M903 M904 N209 N213 N222 N309 N312 N41 1 N513 W003 W030 

S 2 ^^SX^^O H541 H542 H543 H601 H602 H603 
" ^SS^S?¥SM^UW2^ J5 J522 M210 M211 M212 M213 M214 M215 

M231 M232 M233 M240 M272 M280 M281 M282 M283 M320 M412 M51 1 M520 
M530 M540 M720 M903 M904 N209 N213 N222 N309 N312 N41 1 N513 W003 W030 
W334- 06261; 9948-FDJ02-K 9948-FDJ02-P 
PA - (DNIN ) DAINIPPON INK & CHEM INC 
PN - JP1 1246784 A 19990914 DW199948 C09B48/00 006pp 
PR -JP1 998004931 6 19980302 
XA -C1 999-1 65883 

XIC - C09B-048/00 ; C09B-067/20 ,, 
AB - JP1 1246784 NOVELTY - 6,13-dihydro quinacridone group compound and/or 
quinacridone group compound (A) is oxidized by an oxidizing agent (C). 
Compound (A) is easily soluble in a solvent (B). The solvent (B) is 
isolated, to obtain a quinacridone quinone group compound (p). After 
oxidation, the compound (D) becomes insoluble or s^htly soluble m 
solvent B. A solvent (b) which dissolves compound (A) easily, is used. 

- USE - Used as red or orange pigment. . 

- ADVANTAGE - Production of quinacridone quinone group compound is 
efficient. Complicated operations such as waste acid treatment is 
unnecessary. Environmental conservation and energy balance are 
enhanced. 

SS ^qSnSJe cSSpOUND FOLLOW (SOLATE specific solvent 
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NC -001 
OPD- 1998-03-02 
ORD- 1999-09-14 
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^Manufacture of quinacridone quinone group compound used as | pigments - 
involves oxidizing specific quinacridone quinone compound followed by 
isolation of specific solvent 
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